Introduction
Mucormycosis is a rare, potentially fatal systemic fungal infection. It can produce catastrophic outcomes in immunocompromised patients. Early diagnosis is essential to minimize morbidity and mortality. Treatment is challenging and usually entails Amphotericin B and surgical debridement [1, 2] . Recent reports have suggested a shift in incidence of predisposing conditions and primary presentations of mucormycosis. In 2005, major underlying conditions included diabetes mellitus (36%) and hematologic malignancies (17%); most common presentations were rhinocerebral (39%), pulmonary (24%), and cutaneous infection (19%) [2] . In 2011, the major underlying conditions shifted to include hematologic malignancies (44%), trauma (15%), and hematopoietic stem cell transplantation (9%), while diabetes (9%) declined as a predisposing illness; most common presentations were pulmonary (30%), rhinocerebral (27%), soft tissue (26%), and disseminated (15%) infections [1] . The evolving zygomycotic presentations reflect change in the nature of underlying disease, as rhinocerebral mucormycosis is most common in diabetic patients whereas pulmonary mucormycosis is most common in patients with hematologic neoplasms. The swing in epidemiology is hypothesized to be due to increased immunosuppression and increased physician awareness of patient risk [1] .
Case Report
A thirty-nine-year-old home-less Caucasian male with diabetes mellitus type I, hypertension, hyperlipidemia, history of myocardial infarction, chronic myelogenous leukemia (CML), and recurrent methicillin sensitive S. aureus (MSSA) right arm cellulitis presented to a local community hospital with fatigue and uncontrolled epistaxis. The patient also noticed two erythematous pea-sized macules on the dorsum of his left wrist of unknown origin or etiology. Complete blood count revealed pancytopenia. Bone marrow biopsy demonstrated blastic transformation from CML to Acute B-cell Lymphocytic Leukemia with 92% blasts. He was diagnosed with blast phase CML and transferred to our institution for the first arm of HyperCVAD therapy (cyclophosphamide, vincristine, doxorubicin, and dexamethasone). Exact duration of previous treatments were unknown as patient was a poor historian and unable to clarify where previous care. Physical examination revealed two tender, ecchymotic plaques with distinct violaceous borders on the dorsal left wrist. Lesions were localized to sites of prior tape placement used for IV line stabilization, indicating the lesions may have been precipitated by IV puncture. Within thirty-six hours, the plaques coalesced into hemorrhagic eschars with indistinct borders, violaceous halos, and central vesiculation ( Figure 1 ).
Dermatology was consulted. On examination, both eschars were excruciatingly tender to palpation with tenderness extending at least two centimeters beyond visible eschar borders. Severe pain prevented the patient from moving his left hand and fingers. Within a day, the dorsal and much of the volar surfaces of the left forearm became erythematous, edematous, and extremely tender to light touch. CT of the head, maxillofacial sinuses, chest, and abdomen was negative for involvement. MRI of the left upper extremity revealed extensive cellulitis and myositis of the forearm. Punch biopsies were obtained for routine histopathology and tissue culture. Histopathology revealed deep fungal infection compatible with angioinvasive mucormycosis. Culture plates grew Rhizopusspp. The patient was started on Amphotericin B and the orthopedic service was consulted. Debridement of necrotic tissue was attempted with the goal of limb preservation. However, surgical exploration demonstrated the entire forearm to be necrotic, and an above elbow amputation was performed. No recurrent deep fungal infection was detected post-amputation. The patient eventually underwent a mismatched, unrelated stem cell transplant. Unfortunately, he succumbed to refractory hepatic graftversus-host disease 203 days after amputation.
Discussion
Rhizopus species are the most common cause of mucormycosis; less common causative agents include Mucor species, Cunninghamellabertholletiae, Apophysomyceselegans, Absidia species, Saksenaea species, and Rhizomucorpusillus. Rhizopus species belong to the Zygomycetes class of fungi, ubiquitous in soil and decaying organic matter, and are typically minimally virulent. Carbohydrates such as fruits serve as substrates for growth [3] . Zygomycetes may cause life-threatening disseminated infections in immunosuppressed individuals. Incidence of mucormycosis is rising with the increased prevalence of immunosuppression and improved physician detection of invasive fungal infections [4] [5] [6] . Consequently the use of antifungal prophylaxis for invasive fungal infections is also increasing but varies widely amongst institutions [7] . Fluconazole was the first azole used for chemoprophylaxis followed by itraconazole. The newer azoles include voriconazole introduced in 2003 and posaconazole in 2007. Studies have failed to show benefits of using voriconazle compared to fluconazole and itraconazole for prophylaxis of invasive fungal infections. However posaconazole has been identified as the most efficaciousazole for antifungal prophylaxis [8] .
Fungal agents from the Mucoraceae family grow well on common microbiologic media such as Sabouraud dextrose agar without cycloheximide. Cultures incubated at 37°C typically yield molds detected within 24 to 48 hours of incubation. Fungal species are typically identified by both macroscopic features of colonies and microscopic growth characteristics. Rhizopus species produce rapid growth of white, cottony colonies and development of dark sporangiophores (Figure 2) . Additionally, the genus forms distinct non-branching grouped sporangiophores with clear rhizoids (Figure  3 .) Mucor and Absidia genera on the other hand, do not produce rhizoids, but like Rhizopus species, generally contain numerous branched sporangiophores.
The pathogenesis of zygomycosis begins with the inhalation, ingestion, or traumatic inoculation of infectious conidia into tissue [9] . After inoculation, germination into hyphae ensues. Hyphae then invade tissue and vasculature causing thrombosis and infarction [10] . Immunosuppressive medications, organ transplantation, and diabetes are the most prevalent risk factors for mucormycosis. Normally, macrophages phagocytose spores and neutrophils destroy hyphae by oxidative cytolysis [3] . Quantitative and qualitative deficiencies of phagocytic cells increase the risk of disseminated infection. Infections resulting from contaminated polyethylene tape have also been documented [11] . We suspect a similar cause in the present patient as his lesions originated locally in areas where tape was used to stabilize peripheral catheters.
Treatment of mucormycosis is multifaceted, entailing intravenous medication, immune system fortification, and surgery. Early administration of appropriate antifungal therapy is vital. Amphotericin B is the only antifungal agent effective against Zygomycetes [1, 2] . Three formulations have been approved by the FDA. Liposomal Amphotericin B is utilized most often as it delivers the highest concentration of drug with the least risk of nephrotoxicity. Once antifungal therapy has been adminstered, neutropenia and phagocytic dysfunction should be corrected. In fact, control of this predisposing risk factor is a more significant prognosticator than the extent of mucormycosis [12] . Cutaneous infection is better treated with extensive surgical debridement in addition to systemic antifungal therapy [1, 13] . Combined medical and surgical management has 24% mortality in contrast to 58% for medical management alone and 44% for surgical management alone [1] .
Alternative treatment protocols are under investigation. Due to the slow pharmacokinetic profile of Amphotericin B, some clinicians prefer to delay surgical intervention in immunocompetent patients for ten days to allow the drug to reach effective tissue concentrations. The rationale of this approach minimizes amputation risk [14] . Other agents such astacrolimus and posaconazole are known to synergistically eradicate Rhizopusoryzae in experimental models. However, uncertainties regarding adverse effects in humans as well as efficacy against other members of Rhizopusremain to be elucidated [15] .
Prompt intervention and aggressive treatment of cutaneous mucormycosis is vital in the immunocompromised patient population [1, 2] . Our patient presented with two small nondescript macules that infiltrated the entire forearm within four days. Prompt diagnosis by punch biopsy was essential for early diagnosis and immediate intervention with systemic Amphotericin B. Amputation as an aggressive therapy that prevented further invasion and destruction. Treatment delay may have resulted in catastrophic widely disseminated disease. This case illustrates the importance of heightened scrutiny of skin findings in immunocompromised individuals along with the significance of punch biopsy to make an early diagnosis. Relying on cultures for diagnosis may delay therapy and result in morbid outcomes. Therapeutic options may be limited by rapid disease progression in the face of hematologic comorbidities. Since randomized controlled trials may be lacking considering the rarity of mucormycosis, the extremely aggressive nature of the disease in immunocompromised individuals mandates further study.
